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(54) Methods of machining a braking surface on a brake rotor 



(57) A brake rotor (1 6) having at least one braking 
surface (1 61 , 1 62) to be nnachined is coupled for rotation 
with a hub-bearing unit ca ,^..^\ Ising a flanged, non-rotat- 
ing outer bearing race (13) and a flanged rotatable inner 
hub (11). The assembly comprised of the brake rotor 
and the hub-bearing unit is positioned in a machining 
apparatus holding the outer race (13) to orient the rota- 
tion axis (x) of the assembly in a determined direction. 
Then, the hub and the brake rotor are rotated relative to 
the stationary outer race about the axis (x) while apply- 
ing an axial load (F) against a flange (1 6a) of the brake 
rotor so as to simulate the tightening force exerted in 
use by the wheel mounting bolts (1 5). At least one of the 
braking surfaces (181, 162) is machined, thereby ob- 
taining a finished braking surface oriented In a prede- 
termined manner with respect to the bearing outer race. 
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Description 

[0001] The present invention refers to a method of 
machining a braking surface of a brake rotor of a motor 
vehicle; the invention further relates to a method of ma- 
chining a surface of a flange of a vehicle wheel hub. 
[0002] Referring to FIG.1 of Ihe allached drawings, a 
wheel rim 1 0 fomis a radial flange 1 Da defining an inner 
edge 10b adapted for resting and centring the wheel on 
the outer surface of an outwardly axially extending cy- 
lindrical portion Ita of a hub 11. The hub 11 forms an 
outwardly extending radial flange Mb and a central tubu- 
lar portion 1 1 k fomning one of the radially inner raceways 
of a rolling bearing with a dual set of rolling elements 
12a. 12b. A separate race element 1 9 forms the radially 
Inner raceway for the set of rolling elements 12b. The 
bearing further comprises a stationary outer race 13 
forming an outwardly extending radial flange 13a in 
which there are obtained axial bores 13b for receiving 
bolts 14 to fasten the bearing to a suspension standard 
17. 

[0003] The radial flange 1 1 b of the hub has an axially 
outer radial surface 11c and a plurality of axial bores lid 
for receiving bolts 15 for mounting the wheel 10. 
[0004] A brake rotor 1 6 forms an outwardly extending 
radial flange 16a with axial bores 16d aligned with the 
axial bores 1 0d obtained in the wheel rim 1 0 to allow the 
passage of the fastening bolts 15. The tightening of the 
bolts 15 clamps together the rim flange 10a, the rotor 
flange 1 6a and the hub flange 1 1 b. Through the centre 
of the hub 1 1 there is formed a splined bore lie adapted 
to receive a splined shaft 1 8 driving the wheel for rota- 
tion. 

[0005] According to the prior art, the method of ma- 
chining and mounting the components constituting the 
above discussed wheel assembly provides that firstly 
the complete hub-bearing unit already finished is mount- 
ed to the suspension standard 17. Particularly, the fin- 
ishing operation has to be accurate on the hub flange 
surface 11c which serves as an axial rest for the brake 
flange 16a. Then, the brake rotor 16 with the opposite 
sides of its flange 1 6a and its opposite braking surfaces 
161, 162 already accurately machined is inserted onto 
the cylindrical portion 11a of the hub. After that, the 
wheel rim is Inserted over the portion 1 1 a and finally the 
bolts 15 are tightened through the aligned bores lOd, 
16d and lid. 

[0006] With this approach, the orientation of the brak- 
ing surfaces of the brake rotor with respect to the rota- 
tion axis of the bearing is affected by manufacturing tol- 
erances of the various components of the assembly and 
possible mounting errors. Therefore, when the wheel 
assembly is mounted, the braking surfaces are not pre- 
cisely oriented perpendicular to the rotation axis of the 
bearing. In fact, besides being affected by construction- 
al planarity errors of the facing flanges of the hub and 
the brake rotor, the planarity of the hub flange and es- 
pecially of the brake flange is jeopardised by deforma- 



tion caused by the tightening of the bolts 1 5, which gen- 
erates undulations in said radial surfaces. 
[0007] Planarity errors and non-perpendicular brak- 
ing surfaces and flange surfaces with respect to the ro- 

5 tation axis of the bearing determine the so-called lateral 
runoul of the brake, which is undesirable as 11 provokes 
excessive vibration, brake shudder and irregular or pre- 
mature wear of the brake pads. With present tech- 
niques, the lateral runout ranges between 90 and 100 

10 ixm. 

[0008] U.S. Patent No. 5,430,926 discloses a method 
of producing a brake rotor and a bearing assembly 
wherein a brake rotor having a braking surface and a 
hub portion is firstly machined at the bore of the hub. A 

15 bearing unit is then installed in the bore of the hub por- 
tion. The bearing unit includes an outer race which en- 
gages the bore and a rotatable inner race. The assembly 
comprised of the brake rotor and the bearing unit is then 
mounted on a machining apparatus supporting the as- 

20 sembly by the inner race of the bearing unit. Using the 
machining apparatus, the braking surface of the brake 
rotor is machined. 

[0009] U.S. Patent No. 5,842,388 proposes a method 
of machining a wheel hub and a brake component cou- 

25 pled by bolts. The braking surface is machined together 
with acylindrical surface of the hub for seating a bearing. 
[0010] It is an object of the present invention to pro- 
vide a high efficiency method capable of reducing the 
lateral runout of the braking surface to a minimum, re- 

30 gardless of the manufacturing tolerances of the wheel 
assembly components and independently of mounting 
errors and deformation caused by the tightening of the 
wheel mounting bolts. 

[0011] This object is accomplished, in accordance 
35 with the present invention, by a method as defined in 

claim 1 . 

[001 2] It is another object of the present invention to 
provide a method capable of reducing to a minimum the 
lateral runout of the outer surface of the hub flange serv- 
40 ing as a rest for the brake rotor and the wheel rim. 
[0013] This other object is accomplished, in accord- 
ance with the present invention, by a method as defined 
in claim 5. 

[001 4] The features and the advantages of the inven- 
45 tion will appear from the detailed description of the few 
embodiments thereof, given by way of example, refer- 
ence being made to the accompanying drawings, in 
which: 

50 - FIG.1 is a partial axial cross sectional view of a 
wheel assembly manufactured and mounted ac- 
cording to the prior art; 

FIG.2 is an axial cross sectional view showing the 
machining of the braking surfaces of a hub-bearing- 
55 brake assembly, in accordance with a first method 
of this invention; and 

FIG.3 is an axial cross sectional view showing the 
machining of a surface of a hub-bearing unit, in ac- 
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cordance with a second method of this invention. 

[0015] Referring to FIG.2, there is preassembied an 
assembly comprised of a brake rotor 1 6, in this example 
of disc-type, and a hub-bearing unit for a driving wheel, 
of Ihe kind wilh a stationary outer race 13 as discussed 
in the inlroduclory part of the descripUon. 
[001 6] The outer race 1 3 forms an outer radial flange 
1 3a for mou nting to the suspension (not shown) of a mo- 
tor vehicle, and the outer raceways for a dual set of roll- 
ing elements, rollers or balls, 12a, 12b. The inner race- 
ways are formed by the hub 11 and a separate race el- 
ement 19 axially locked to the hub for example by cold 
forming an axially inner rim 11f of the hub. Cold fomning 
of rim 1 1 f is performed applying an axial load to the inner 
race element 19 in order to obtain an axially preloaded 
hub-bearing unit. Designated at 19a is the axially inner 
side of race element 19. 

[0017] The radial flange 1 3a of the outer race 1 3 pro- 
vides an axially inner radial surface 1 3c that in use abuts 
against a radial surface 17a of the suspension (as 
shown in FIG.1). Proximate to the flange 13a, the outer 
race provides an outer cylindrical surface 13d adapt for 
fitting in a seating bore of the suspension, as indicated 
at 17b in FIG.1. 

[0018] The hub 11 fonrts a tubular central portion 11k 
and an outwardly extending radial flange lib with an 
axially outer side 11c. The hub further fonns an axially 
outwardly protruding cylindrical portion 1 1 a with an out- 
er cylindrical surface 11g. 

[0019] The axially inner side 16e of the brake rotor 
flange 16a rests against the side 11c of he hub flange 
lib. 

[0020] The brake rotor 1 6 and the hub 1 1 are coupled 
for rotation for example by studs 1 5 (or, as will be de- 
scribed herein after, by means of another element) in- 
serted in the aligned bores 1 6d and lid of flanges 1 6a 
and 1 1 b. The bores 1 6d of the brake rotor (visible in FIG. 
1) are preferably sized so as to have a slight radial play 
with respect to the studs 15, such that the centring of 
the brake rotor with respect to the hub is detemnined by 
the contact of the inner edge 1 6f of the brake flange 1 6a 
with the outer surface 1 1 g of the cylindrical portion 1 1 a, 
and not by the tightening of the bolts 15, which is ac- 
complished after the machining described hereafter. 
[0021] In order to machine the braking surfaces 1 61 
and 1 62 of the brake rotor, the preassembied hub-bear- 
ing-brake assembly is installed on a machining appara- 
tus provided with a plurality of non-rotating tailstocks 20, 
a thrust bearing plate 21 and a rotating collet 22. 
[0022] Preferably three tailstocks 20 are provided an- 
gularly spaced 1 20 degrees therebetween, only one be- 
ing shown in FIG.2. The tailstocks 20 act against the 
outer cylindrical surface 1 3d of the outer race 1 3 for cen- 
tring the assembly with respect to the axis of rotation of 
the collet 22. The tailstocks 20 have axial engaging sur- 
faces 20a for engaging the outer bearing race 1 3 so as 
to represent the datum of the cylindrical seat 1 7b of the 



vehicle suspension in which the assembly will be mount- 
ed. 

[0023] The assembly rests by means of the outer side 
19a of the inner rotating ring 19 against the upper part 
of the thrust bearing plate 21 , Idly mounted for rotation 
about the bearing axis x. 

[0024] The rotating collet 22 serves to drive the brake 
rotor 16, the hub 11 and the inner race element 19 for 
rotation with respect to the outer race 1 3 so that the cut- 
ting tools schematically designated 23 and 24 in FIG.2 
can finish the braking surfaces 161 and 162 of the brake 
rotor. In the embodiment depicted in FIG.2, the rotation- 
al motion is imparted by the collar 22 through a fash- 
ioned element 25 forming lower recesses 25a adapted 
for engaging the bolts 1 5 so as to rotate the rotatable 
parts of the assembly. 

[0025] Fashioned element 25 provides a lower end 
surface 25b for axially abutting the axially outer surface 
1 6g of the brake rotor flange upon lowering the collet 22 
so as to apply an axial load F in the vicinity of the studs 
1 5. The end surface 25b is suitably shaped so as to re- 
produce the contact pattern of the wheel rim, thereby 
simulating the action exerted in use by the wheel rim 
against the brake rotor once the wheel bolts 1 5 are tight- 
ened (as shown in FIG.1). The axial load F preferably 
ranges between 7,800 and 1 00,000 N, and it is selected 
considering the size of the bearing as to provoke an 
elastic deformation of the hub flange and the brake rotor 
flange being equal or corresponding to the deformation 
caused by the tightening of the bolts when mounting the 
wheel on the vehicle. In any case, the load F must not 
be so high as to cause deformation in the raceways of 
the hub-bearing unit. 

[0026] The braking surfaces are then finished by ro- 
tating the brake rotor about the axis of rotation defined 
by the position of the outer race 1 3; therefore, the brak- 
ing surfaces are finished perpendicular with respect to 
the geometrical axis about which the assembly will ro- 
tate in use. 

[0027] According to a variant embodiment (not 
shown), instead of using studs 15, the brake rotor and 
the hub may be coupled for rotation by one or more por- 
tions projecting from the bottom of the collet 22 and en- 
gaging the aligned bores lid and 1 6d of the hub and the 
brake. When the coupling for rotation is accomplished 
In this manner, or by means of studs or provisional pins, 
whereby the brake rotor can be removed from the hub 
bearing unit at the end of the machining step, before 
these components are separated it is preferable to leave 
a reference sign on each component indicating the rel- 
ative angular position thereof in which the machining 
has been candied out, in order to re-establish such rela- 
tive orientation when mounting the assembly on the ve- 
hicle. 

[0028] As will be appreciated, the accuracy with which 
the braking surfaces are machined is independent of the 
manufacturing and mounting tolerances of the compo- 
nents constituting the assembly. Particularly, the outer 
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surface 11c of the hub flange lib and the brake rotor 
surfaces 1 6e and 1 6g need not be machined. The lateral 
runout of the braking surfaces can so be kept within a 
10-15 \im range, i.e. much lower as compared to prior 
art. 5 
[0029] Moreover II will be appreciated thai the cen- 
tring of the brake, rotor is determined with accuracy by 
the coupling of the inner edge 16f of the brake flange 
with the outer surface 1 1 g of the hub cylindrical portion 
11a, and not by the bolts 15 tightening such flanges to- io 
gether. 

[0030] Referring now to FIG,3, the same principle 
used in the above discussed machining method may al- 
so be exploited, still in accordance with the present in- 
vention, to keep within tight tolerances the lateral runout is 
of the axially outer surface 11c of the radial hub flange 
lib of a hub-bearing unit. The surface 11c serves as an 
axial rest for the brake member and must therefore de- 
fine a surface possibly free of planarity errors so as to 
avoid or at least reduce the drawbacks cited in the in- 20 
troductory part of the description, 
[0031] Although the lateral runout of a hub flange 
dose not affect the accuracy of a braking surface ma- 
chined In accordance with the method above discussed 
with reference to FIG.2, such a tolerance may neverthe- 25 
less be important in those instances where the original 
brake rotor has to be replaced after a period of use with 
a new brake rotor. 

[0032] A preassembied and axially preloaded hub- 
bearing unit is located on a machining apparatus pro- 3o 
vided with a plurality of stationary radial and axial tail- 
stocks 120, 121 , and a rotating collet 122. 
[0033] Similariy to what already discussed with refer- 
ence to the embodiment of FIG.2, the radial lailstocks 
120, only one of which is shown for simplicity in FIG.3, 35 
are preferably in number of three, angularly spaced 1 20 
degrees therebetween. The radial tailstocks 120 act 
against the outer cylindrical surface 13d of the outer 
race 13 for centring the hub-bearing unit with respect to 
the axis of rotation of the collet 1 22. The tailstocks 1 20 40 
have axial engaging surfaces 1 20afor engaging the out- 
er bearing race 13 so as to represent the datum of the 
cylindrical seat 1 7b of the vehicle suspension in which 
the unit will be mounted. 

[0034] In the embodiment shown in FIG.3 there are 
provided three axial tailstocks 121 (only being shown in 
the drawing), located angularly spaced 120 degrees 
therebetween with respect to the axis of rotation of the 
collet 112 and angularly offset about 60 degrees relative 
to the radial tailstocks 1 20. The axial tailstocks may also so 
be arranged in a number or shape different from what 
is shown in FIG.3, as far as they provide three or more 
steady axial resting points around the axis x for the ax- 
ially inner surface of the radial flange 1 3a of outer bear- 
ing race 1 3, so as to represent the datum offered in use 55 
by the axial surface 17a of the suspension (FIG.1), 
[0035] It should be noticed that in the example of FIG. 
3, the inner raceways are formed by a pair of inner race 
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elements 19. It is to be understood that the present in- 
vention, in all its possible embodiments, can be equally 
applied both to hub-bearing units in which one of the 
radially inner raceways is obtained directly on the hub 
(as shown in FIGs .1 and. 2) and to units In which the 
inner raceways are formed by race elements produced 
separately and then fitted onto the hub. 
[0036] The rotating collet 1 22 serves to drive the hub 
11 and the inner race elements 19 for rotation with re- 
spect to the outer race 13 so that a cutting tool 23 can 
finish the axially outer surface lie of the hub flange lib. 
[0037] To impart rotary motion to the rotatable parts 
of the hub-bearing unit, the collet 122 provides a lower 
head portion 122a for engaging the hub, in this example 
by engaging the annular protruding hub portion Ha. The 
engaging head 122a may also be shaped differently 
form the embodiment here shown. In any case, the collet 
head 122a should grip the hub with a moderate force or 
anyway In such manner so as not to generate stresses 
in the hub which provoke appreciable elastic deforma- 
tion of the flange 11b. Otherwise, the cutting tool 23 
would finish the hub flange side lie with a surface that 
would not result planar once the head 122a is removed 
from the unit being machined. 

[0038] So, the surface 1 1 c is machined by rotating the 
hub about the rotation axis defined by the position of the 
outer race 13, whereby this surface, once finished, is 
perpendicular with respect to the geometrical axis about 
which the hub will rotate in use. 

[0039] Again, It will be = .^predated that the accuracy 
with which the surface 11c is machined is independent 
of the manufacturing anc mounting tolerances of the 
components constituting ihe hub-bearing unit. The lat- 
eral runout of the surfaces lie can so be kept within a 
10-15 ^.m range. 

[0040] While specific embodiments of the invention 
have been disclosed, it is to be understood that such 
disclosure has been merely for the purpose of illustra- 
tion and that the invention is not to be limited in any man- 
ner thereby. Various modifications will be apparent to 
those skilled in the art in view of the foregoing examples. 
For example, the Invention is equally applicable to hub- 
bearing units with rollers or balls. Similarly, as to the 
method illustrated with reference to FIG.2, the invention 
Is applicable for finishing the cylindrical braking surface 
of a drum-type of brake rotor. 



Claims 

1 . A method of machining a braking surface of a brake 
rotor (16) of a motor vehicle, comprising the steps 
of: 

(a1 ) providing a brake rotor (1 6) having 

an inwardly extending radial flange (16a) 
with a plurality of bores (1 6d) for receiving 
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wheel mounting bolts (15), said brake 
flange (16a) defining an inner edge (16f) 
and 

at least one braking surface (161 , 162) to 

be nnachlned; s 

(a2) providing a hub-bearing unil comprising: 

a stationary outer bearing race (13) form- 
ing at least one outwardly extending radial io 
flange (13a) and an outer cylindrical sur- 
face (13d) for mounting the unit Into a cy> 
lindrlcal seat (1 7b) of a vehicle suspension 
standard (17); 

a rotating hub (11) having a central tubular is 
portion (11k), an outwardly axially protrud- 
ing cylindrical portion (11a) defining an out- 
er cylindrical surface (11 g), and an out- 
wardly extending radial flange (11b) with a 
plurality of bores (lid) for receiving said 20 
wheel mounting bolts (15); 

(b) locating the brake rotor (16) onto the hub 
(11) by centring the inner edge (16f) of the 
brake flange on the outer cylindrical surface 2s 
(11g) of the axially protruding cylindrical portion 
(11a) of the hub (11). and coupling for rotation 

the brake rotor to the hub; 

(c) holding the stationary outer race (13) in a 
determined position by means of non-rotating so 
retaining means (20) of a machining apparatus 

to orient the rotation axis (x) of the assembly 
comprised of the brake rotor and the hub-bear- 
ing unit in a determined direction; 

(d) rotating the hub (1 1 ) and the brake rotor (16) 35 
relative to the stationary outer race (13) about 
said rotation axis (x) while applying an axial 
load (F) against the brake rotor flange (16a), 

the axial load corresponding to the tightening 
action exerted in use by the wheel mounting 40 
bolts (15); and 

(e) simultaneously machining at least one of the 
braking surfaces (161, 162), thereby obtaining 
at least one finished braking surface oriented 

in a predetennined manner with respect to the 45 
bearing outer race (13). 

2. A method according to claim 1 , wherein said axial 
load (F) is applied by means of a rotating element 
(25) having an end surface (25b) so shaped as to 50 
engage the brake rotor flange (1 6a) according to the 
contact pattern provided in use by a wheel rim (1 0). 

3. A method according to claim 1 , wherein said steps 

(c, d, e) further comprise the step of: 55 

axially supporting an essentially radial surface 
(1 9a) fast for rotation with the hub (1 1 ) and the 



brake rotor (16) by means of a thrust bearing 
plate (21) free to rotate about the rotation axis 
(X) of said assembly. 

4, A method according to claim 1 , wherein said step 
(b) of coupling the brake rotor (16) for rolalion with 
Ihe hub (11) comprises the steps of: 

(b1 ) orienting the brake rotor and the hub rela- 
tively therebetween to axially align said respec- 
tive bores (16d, 11d), and 
(b2) inserting at least one bolt fastening ele- 
ment (15) through at least one of said axially 
aligned bores (16d, 11d). 

5. A method of machining a surface (11c) of a radial 
flange (lib) of hub-bearing unit, comprising the 
steps of: 

(a) providing a hub-bearing unit comprising: 

a stationary outer bearing race (13) form- 
ing at least one outwardly extending radial 
flange (13a) and an outer cylindrical sur- 
face (13d) for mounting the unit into a cy- 
lindrical seat (17b) of a vehicle suspension 
standard (17); 

a rotating hub (11) having a central tubular 
portion (11k) and an outwardly extending 
radial flange (11b) for mounting the hub to 
a brake rotor (16), the hub flange (lib) de- 
fining an axially outer radial surface (11c) ; 

(b) holding the stationary outer race (13) in a 
determined position by means of non rotating 
retaining means (120) of a machining appara- 
tus to orient the rotation axis (x) of the hub- 
bearing unit in a determined direction; 

(c) rotating the hub (11) relative to the stationary 
outer race (13) about said rotation axis (x); and 

(d) simultaneously machining at least a portion 
of said outer surface (lie) of the hub flange 
(11b), thereby obtaining a finished surface ori- 
ented perpendicular with respect to the bearing 
outer race (13). 

6. A method according to claim 5. wherein said step 
(b) comprises the step of: 

(b1) holding the stationary outer bearing race 
(13) by means of radial retaining means (120) 
engaging said outer cylindrical surface (13d) of 
the outer race (13). 

7. A method according to claim 5, wherein said step 
(b) comprises the step of: 

(b2} holding the stationary outer bearing race 
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(13) by means of axial retaining nneans (121) 
engaging an essentially radial surface (13c) of 
the outer race (13). 

8. A method according to claim 1, wherein said essen- 5 
lially radial surface (13c) is formed by said radial 
flange (13a) of Ihe ouler race (13). 

9. A method according to claim 5, wherein said rotat- 
ing hub (11) further comprises an outwardly axially 
protruding cylindrical portion (1 1 a), and wherein the 
hub is rotated in said steps (c) and (d) by means of 
a rotating element (1 22) having an engaging portion 
(122a) adapted for engaging said annular portion 
(11a) of the hub; said engaging portion (122a) en- ?5 
gaging the hub with a force controlled so as not to 
generate in the hub stresses provoking appreciable 
elastic deformation of the hub flange (lib). 
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